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SECTION 1

1. INTRODUCTION

1.1 Identification

This Data Acquisition Plan (DAP) is the first volume of a five volume set of documents which
comprise the Data Format Control Book. It describes the Landsat 7 Project concept and plan for
operating the Landsat 7 Spacecraft and the activities, communications links, and ancillary data
required to acquire the Landsat 7 Wideband Data to satisfy the Landsat 7 mission requirements
as levied by the Landsat 7 System Specification.

1.2 Purpose

The purpose of the DAP is to describe the Landsat 7 Project’s plan for acquiring data from the
Landsat 7 Spacecraft. It describes the operation of the Landsat 7 Flight Segment, Ground
Segment and Communications links, and the activities and institutional support required to
implement this plan. The DAP is an informational summary of all dataflows on the Landsat
program and is not a requirements document. Therefore, it should not be used for design
purposes.

1.3 Scope

This document describes the end-to-end data acquisition plan for the operational Landsat 7
System. In addition, it includes an appendix which describes the plan for data acquisition
activities required to support the integration, test and launch activities which precede the
beginning of on-orbit operations.

1.4 Document Overview

The DAP provides a description of the operational activities involved in the planning and
acquisition of Wideband Data, and identifies the data types and their general paths through the
Flight Segment, communication links, and Ground Segment in Section 3.1. It describes the four
major data types: Telemetry, Command, Tracking and Wideband for the Landsat 7 spacecraft, and
their flows through the Flight Segment, communication links, and Ground Segment. Section 3.2
provides a detailed description of the generation, contents, format, and transmission of each of
the data types through the various components of the Flight Segment, communication links, and
Ground Segment. Section 3.3 traces the flows of data from origin to destination, and describes
the transmission media and data forms. Section 3.4 describes the data formats and content.
Appendix A describes the requirements for support of systems integration, test, pre-launch
operations, and launch.

1.5 Related Volumes and Precedence

The Data Format Control Book comprises 5 volumes, of which the DAP is the first. The other
four volumes are Volume Il (Command), Volume Il (Telemetry), Volume IV (Wideband Data),
and Volume V (Level OR data Format). These volumes provide detailed definitions of the content
and formats of the respective data streams.

1.5.1 Landsat 7 Data Format Control Book, Volume Il (Command)

This volume contains the definition of the command list and formats used for transmitting
commands from the MOC through the communication links to the Landsat 7 spacecraft. This
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volume takes precedence over all other documents concerning the Landsat 7 command data
format definitions. This volume is “For Official Use Only”.

1.5.2 Landsat 7 Data Format Control Book, Volume Il (Telemetry)

The volume contains a description of the telemetry data stream generated by the Landsat 7
Command and Data Handling Subsystem, as well as a telemetry list and telemetry matrix
assignment definition. The Standard Controls Processor (SCP) control of formats, and its
contribution to telemetry, and definition of all telemetry formats is included. This volume takes
precedence over all other documents concerning the Landsat 7 telemetry data format definitions.
This volume is “For Official Use Only”.

1.5.3 Landsat 7 Data Format Control Book Volume IV (Wideband Data)

This volume contains the definition for the Landsat 7 Enhanced Thematic Mapper Plus (ETM+)
Wideband Data, and the formats used for transmitting the data through the communication links
and the various Ground System elements. This volume takes precedence over all other
documents concerning the Landsat 7 Wideband Data format definitions.

1.5.4 Landsat 7 Data Format Control Book Volume V (Level OR Distribution
Product)

This document contains the definition for the format of the Level OR Landsat 7 Image Data. This
volume takes precedence over all other documents concerning the Level OR Image Data Product
format definition.

1.6 Issue and Revisions

The Data Acquisition Plan is issued for and applicable to the entire Landsat 7 system. Change
page revisions will be issued as necessary by the Landsat 7 Project Configuration Control Board.
A revision status of applicable volumes will be given immediately before the table of contents as
part of the update for the Data Acquisition Plan. For submission of updates or changes, contact
the Landsat 7 Project Office, Project Support Manager at Goddard Space Flight Center, Code
430, Greenbelt, MD, 20771.
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SECTION 2

2. APPLICABLE DOCUMENTS

2.1 Program Documents

The following documents, of the exact issue shown, where listed, or the latest approved issue,
where not listed, form a part of this document to the extent specified herein. In the event of a
conflict between the documents referenced herein and this document, the contents of the
referenced document shall be considered the superseding requirement. No attempt will be made
to update this list with the latest revision letter.

23007555 On-Orbit Handbook/0O&M Manual

PS23007563C Space Segment Software Requirements Specification

23007627A Landsat 7 Space Segment to Mission Operations Center ICD, August 1995

23007638C Radio Frequency Interface Control Document Between the Landsat 7 and
Space Network (SN), Ground Network (GN), and Landsat Ground Station
(LGS)

23007640 Landsat 7 to International Ground Stations Interface Control Document

23007689A Landsat 7 Space Segment Satellite Operations Concept and Timeline

23007702-1IC Data Format Control Book (DFCB) Volume Il - Commands, August 15,
1995. This document is For Official Use Only.

23007702-l1lIC Data Format Control Book (DFCB) Volume Ill - Telemetry, August 22,
1995. This document is For Official Use Only.

23007702-1vC Data Format Control Book (DFCB) Volume IV - Wideband Data, March 8,

1996

430-11-06-007-0 Data Format Control Book (DFCB) Volume V - Landsat 7 Level OR

Distribution Product

23021079 Interface Control Document Between Satellite Checkout Station (SCS) and
TDRSS Users’ RF Test Set (TURFTS), August 1995

430-11-01-003-0 Landsat 7 Detailed Mission Requirements, July 1995
530-ICD-NCCDS/MOC (Rev. 1)
Data Format Control Document Between the Network Control Center Data

System and Payload Operation Control Centers, December 1994

553-FDD-95/003R0OUDO
430-11-06-006-0 Landsat 7 / Flight Dynamics Facility Interface Control Document.

560-1ICD/0794 Interface Control Document Between the Landsat 7 Ground Station and the
Landsat 7 Processing System.
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L7-PM-235C Landsat 7 Solid State Recorder Interface Control Document, September
1995

TBD ICD for WOTIS and MOC

TBD Mission Operations Plan

TBD ICD for EDC DAAC and Landsat 7

TBD ICD for LPS and IAS

2.2 Non-Program Documents

The following documents, of the exact issue shown (where listed), or the latest approved issue,
form a part of this document to the extent specified herein. In the event of a conflict between the
documents referenced herein and this document, the contents of the referenced document shall
be considered the superseding requirement. No attempt will be made to update this list with the
latest revision letter.

CCSDS 101.0-B-2 Recommendations for Telemetry Channel Coding, January 1987

CCSDS 701.0-B-1 Recommendations for Advanced Orbiting Systems, Networks and Data
Links, October 1989

MIL-STD-1750A Military Standard, Sixteen-Bit Computer Instruction Set architecture
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e Performing operations functions on behalf of NOAA, including data capture, data processing,
assuring system performance and quality, and distributing data to all users.

3.1.2 Landsat 7 System Operational Overview

Mission planning and Satellite operations will be conducted in the Mission Operations Center
(MOC), located at Goddard Space Flight Center, Building 32, Greenbelt, Maryland. Wideband
Data will be downlinked to the Landsat Ground Station (LGS) and the International Ground
Stations (IGS). Wideband Data will also be downlinked to selected Landsat Ground Network
Stations and routed, via Common Carrier, to the LGS. Wideband Data from the LGS will be
processed to a standard format known as “Zero-R” (OR) by the Landsat Processing System
(LPS) located at EDC. It will be archived, along with supporting data necessary for higher level
processing, in the EDC Distributed Active Archive Center (DAAC). The data will be labeled by
“scene” corresponding to the Worldwide Reference System (WRS). The Landsat 7 System
Requirements call for processing up to an average of 250 scenes per day. The Mission to Planet
Earth program will use the Earth Observing System Data and Information System to further
process up to 25 scenes per day to Level 1. The goal is to obtain complete coverage of the
world’s land masses with periodic updates of the data. With Landsat 7’s orbit, repeat coverage
for any given land mass can be obtained as often as every 16 days.

Routine on-orbit operations will normally be accomplished autonomously, by the execution of
stored commands. These stored commands are transmitted to the spacecraft (S/C) daily. The
S/C sends back housekeeping, health and safety data in both real-time and playback modes.
When commanded, image data is collected; it may be transmitted directly to the IGSs, the LGS, or
selected LGN stations, or stored onboard and played back later to the LGS or selected LGN
stations. The Flight Dynamics Facility (FDF) will process S/C tracking data and perform orbit
determination.

Operation of the Landsat 7 Spacecraft and collection of ETM+ data for the United States and
International scientific communities entails a complex series of activities involving the
generation and exchange of numerous messages and streams of data between the various elements
of the Landsat 7 Project. This section of the DAP presents an overview of the activities, and
identifies the elements and the data exchanges necessary to operate the S/C and effect the
collection of the Wideband Data. These elements are as follows:

Flight Segment Communication Links Ground Data
Handling Segment
Landsat 7 Satellite = NASA Space Network (SN) Mission Management Office
(MMO)

Spitzbergen Ground Station (SGS)* Mission Operations Center (MOC)

Alaska Ground Station (AGS)* Network Control Center
(NCO)

Wallops Orbital Tracking Station (WOTS)* Wallops Orbital Tracking

Landsat Ground Station (LGS)* Information System
(WOTIS)*

International Ground Stations (IGS) Flight Dynamics Facility (FDF)

NASA Communications Network Landsat Processing System
(LPS)

(Nascom) EDC Distributed Active

Archive Center (EDC DAAC)
Image Assessment System (IAS)



430-11-06-008-0
January 9, 1997

Those communication links marked with an asterisk are collectively referred to as the Landsat
Ground Network (LGN). The LGN scheduling and operations are controlled by the WOTIS. The
Nascom provides ground communication links among the Ground Stations and the Ground Data
Handling Segment elements. Figure 3.1-1 depicts the various elements and the data exchanges
pictorially. The data exchanges are discussed in detail in Section 3.2.

Data Acquisition activities are divided into Mission Planning and Mission Operations for
discussion, although both take place concurrently on a daily basis. Mission Operations are
further divided into Flight Operations and Data Processing Operations. Mission planning and
Flight Operations are conducted in the Mission Operations Center (MOC), based on LCG policy
decisions which flow to the MOC through the Mission Management Office (MMO). During the
planning phase the MOC determines what data needs to be collected and how (real-time or store
and playback), based on the Long Term Plan and Special
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Requests from the MMO, request priority level, archive requirements, and S/C resources. The
MOC makes use of planning products produced on the FDF workstations located in the MOC or
obtained directly from the FDF. The MOC then issues communications link and tracking support
requests to the Network Control Center (NCC) and the WOTIS. Based on the support scheduled,
the MOC may have to revise its plan and try again, or develop work-arounds. The NCC will send
support schedules to the NASA Networks, and the WOTIS will send support schedules to the LGN
and the MOC. The MOC distributes antenna pointing angles for the tracking stations, from the
Flight Dynamics Facility (FDF). In addition, the FDF recommends orbit adjust operations. The
MOC will generate the appropriate command files for the planned operations, and transmit them
to the spacecraft.

Most spacecraft operations will be conducted through the use of stored commands. The stored
commands generated in the MOC are sent, via the LGN or SN, to the S/C where they are stored in
the Standard Controls Processor (SCP) memory. The SCP will issue commands at the proper
time to configure the spacecraft to collect the Telemetry and Wideband Data for immediate
transmission to the ground or storage for later transmission. The MOC and the ground stations
will conduct operations at the proper time to receive the telemetry, Wideband Data and tracking
data, and to send the command loads, as described in the following paragraphs.

The following types of contacts between the S/C and the ground system are anticipated:

» Real-time Wideband data to an IGS;

e Real-time and/or Playback Wideband data to the LGS and selected LGN Stations;
¢ Command Load and Real-time and/or Playback Telemetry Data through the LGN;
e Tracking through SN and the LGN; and,

e« Emergency Command load and Telemetry Data acquisition through SN or LGN.

During the operations the following data flows will occur:

e Text, Telemetry, Command, Tracking data, and support data files will be exchanged among
ground elements;

e Real-time and Playback Wideband data will be transmitted from the S/C to the ground;

e Real-time and Playback Telemetry Data will be transmitted from the S/C to the ground;

e« Command files will be transmitted from the ground to the S/C; and,

e Wideband Data files will be exchanged among the ground elements.

Ground Data Processing Operations will occur in the Landsat Ground System, and will involve
exchanges among the LGS, IGSs, MOC, FDF, LPS, EDC DAAC, and IAS. The S/C will transmit
Wideband Data directly to selected LGN Stations, and IGSs. The Wideband Data will be captured in
real-time by the LGS. The other LGN Stations will send their Wideband Data to the LGS via
Common Carrier. This Wideband Data will be sent by the LGS to the LPS later. The LPS will
process the data to the Level OR form and generate Image Data, Metadata and Browse Data files
which will be sent to the EDC DAAC. The IGSs will send Browse Data and Metadata files, for their
image data, to the EDC DAAC. Definitive ephemeris from the FDF will be sent to the IAS for use
in producing data products for analysis and assessment.

3.2 System Elements and Interfaces

This section describes the functions performed by the system elements listed in Section 3.1, and
identifies the products and interfaces of the element. The interfaces are summarized in Table
3.2-1. This Table identifies the types of interfaces between the different elements, and
identifies the types of products. The types of interfaces are voice, paper, electronic and radio
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frequency (RF) transmissions. Voice interfaces are for requests for information, coordination
and problem resolution. Paper interfaces convey printed

10
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To |Landsat-4IGS [LGS |TDRSS [AGS |SGS |WOTYNCC |FDF [MOC [WOTIS|IAS |MMO |LPS
From (WSC)
Landsat-7 5 578 78 |5,7,8]/5,7,8] 7,8
IGS 3 1,2,3
LGS 6,8 4 1,3,4] 1,3,4 3,4,5
TDRSS (WSC)] 6,8 1,34] 4 13,4
AGS 6,8 5 4 1,3,4] 1,3,4
SGS 6,8 5 4 1,3,4] 1,3,4
WOTS 6,8 4 1,3,4] 1,3,4
NCC 1,3 1,3,4
FDF 1,2,3,4
MOC 3,4 1,34 134 |1,3,4]1,34]1,3,4|1,3,4]1,3,4 1,3,4(1,3,4] 1,2 1
WOTIS 1,3,4 1,3,4| 1,3,4] 1,3,4 1,3,4
IAS 1,3,4 1,2 | 3,4
MMO 1,2 1,2 1,2 1,2
LPS 1,34 1,2 3 1,2
DAAC 4 3,4 | 1,2 3
Users 1,2
Legend:
1 Voice 5 X-Band Science dat:
2 Paper text 6 S-Band Command
3 Electronic text messag 7  S-Band Telemetry
4  Electronic data file 8 S-Band Tracking

11

Table 3.2-1.

Interface Chart
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information such as requests for information, printed schedules, and pass summary reports.
The same type of information can be sent as text files across electronic interfaces. In addition,
data files or packets such as telemetry data, command files, data bases, tracking and orbit
information, and Wideband Data files can be transmitted across electronic network interfaces.
The RF interfaces carry command, telemetry, tracking and instrument data. These interfaces,
and the products flowing across each one, are described in the following sections.

3.2.1 Spacecraft Operation

The Spacecraft (S/C) consists of the bus and payload. The S/C is designed for a 705 km, sun
synchronous, earth mapping orbit with a sixteen day repeat cycle. The S/C will collect
terrestrial data of interest, using the Enhanced Thematic Mapper Plus (ETM+) payload, in
specific visible and near infrared (VNIR) bands, short wavelength infrared (SWIR) bands, a
thermal long wavelength infrared (LWIR) band and a panchromatic band, and transmit it via
direct X-band downlinks to selected LGN stations and IGSs. The S/C provides three steerable
antennas and four transmitters, operating at three different frequencies, for X-band downlink.
The S/C utilizes a store and forward capability to support US acquisition of non-Continental
United States data.

S-band links are used to transmit command and telemetry data between the S/C and the ground.
There are two S-band antennas located on opposite sides of the satellite (nadir and zenith
pointing). Each antenna provides essentially hemispherical coverage. S-band transmitters are
configured to be switched to one S-band antenna or the other. In addition, both transmitters can
be operated simultaneously for spherical coverage. A summary of the RF communication links
to the S/C is shown in Figure 3.2-1.

The Landsat Ground Network consists of multiple communication networks which have the
capability to provide S-band and/or X-band communication support to the Landsat-7 mission.
The LGN includes the Alaska Ground Station, the Spitzbergen Ground Station, the Wallops Orbital
Tracking Station, the LGS, and the Wallops Orbital Tracking Information System.

NASA’s Space Network, consisting of the Tracking and Data Relay Satellites (TDRS) and the
ground station at the White Sands Complex (WSC), collects Landsat-7 S/C tracking data for FDF
processing. The SN is also used for real-time command and telemetry monitoring during on-
orbit operations on a scheduled basis and possible emergency operations on a call up basis. The
S/C to SN interface is defined in the RF ICD Between Landsat 7 and Space Network, 23007638

3.2.1.1 Downlink Data Generation

The S/C utilizes an S-band downlink for the transmission of Telemetry Data, and an X-band
downlink for the transmission of Wideband Data from the ETM+ payload. Telemetry Data is
generated and recorded at all times. Wideband Data is only generated on command.

32111 Telemetry Data Generation

Telemetry data contains all of the information required to monitor and assess the health of the
satellite, verify day-to-day operations, and assist in anomaly resolution. Telemetry data is
always recorded on the SSR. It can be downlinked in real time as it is being recorded, or played
back on a later pass from the recorder. The telemetry data stream generation is shown in the
block diagram in Figure 3.2-2.

12
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Figure 3.2-1. Landsat 7 Spacecraft Interfaces and Dataflows
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3.2.1.1.1.1 Link Description

The downlink of telemetry from the Landsat-7 is an S-band link through the Landsat Ground
Network or the SN. The S-band downlink frequency is 2287.5 MHz. When using the TDRSS S-
band Single Access service, real time telemetry is transmitted at 1.216 kbps or 4.864 kbps.
When using the TDRSS S-band Multiple Access service, real time telemetry is transmitted at
1.216 kbps only. When using LGN ground stations, the telemetry is transmitted at 1.216 kbps
or 4.864 kbps for real time and 256.0 kbps for playback.

3.2.1.1.1.2 Implementation

During operations, telemetry is collected and formatted by the Command and Data Handling
(C&DH) subsystem. The C&DH collects telemetry from all the satellite subsystems, including
the SCP and the ETM+ payload, formats a subset of it into minor and major frames, and encodes
the frames into a CCSDS compliant downlink stream. The datastream is recorded on a Solid State
Recorder (SSR). It may also be provided to the Communications (COMM) subsystem for
downlinking in real-time simultaneously with recording. The recorded telemetry stream is
played back and downlinked at a later time. This playback data is identified as such by a bit in
the CCSDS framework.

The C&DH subsystem provides the means for collecting and formatting satellite telemetry. The
C&DH subsystem equipment involved with telemetry processing includes two Standard Controls
Processors (SCPs), one Controls Interface Unit (CIU), one Remote Telemetry and Command Unit
(RTC), one Lower Equipment Module Interface (LMI), one Telemetry Data Formatter (TDF),
and one SSR module.

The TDF continually collects, formats, and outputs a telemetry data stream. The TDF formats a
subset of the collected telemetry into minor and major frames, encodes the frames into CCSDS

compliant downlink protocol and sends the encoded data to the SSRs for recording. The encoded

data may also be sent to the S-band Transponder for transmission to the ground. The TDF also

sends 10 words, which are a subset of the telemetry sent to the ground, to the SCPs to support
FSW processing. The SCP is the platform for Flight Software (FSW) storage and execution

Telemetry can be characterized as hardware telemetry or FSW telemetry. Hardware telemetry
consists of analog, bilevel, and serial digital data. Hardware telemetry is collected in eight bit
bytes under the control of the TDF. The LMI collects analog and discrete data from the Signal
Conditioning Unit-Lower Equipment Module (SCL), Electrical Power Subsystem (EPS), and
Lower Equipment Module (LEM) heaters and forwards this telemetry to the TDF. Similarly, the
RTC collects analog and discrete data from the ETM+ payload, SSR, Baseband Switching Unit
(BSU) SSR, and S-band Transponder, and forwards this telemetry to the TDF.

The control SCP generates the FSW telemetry and sends it to the TDF via the CIU. The standby
SCP also sends telemetry to the TDF, via the CIU, concerning its status. FSW telemetry consists
of hardware status data received by the FSW via the CIU, and FSW generated data, including S/C
position, attitude, rates, memory dump and command verification data. Telemetry is time
stamped using the time code received from the Payload Data Formatter (PDF).

The COMM subsystem contains two S-band transponders that receive a CCSDS encoded telemetry
data stream from the TDF and SSR and modulate the data for transmission to a TDRS or to a LGN
ground station. The signal is transmitted from two antennas located on opposite sides of the S/C
(nadir and zenith pointing). The zenith antenna is used for TDRS communications; the nadir
antenna is used for LGN communications. Each antenna provides essentially hemispherical
coverage.
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3.2.1.1.2 Wideband Data Generation

The wideband data consists of ETM+ instrument data with embedded Payload Correction Data
(PCD) and Status data. The PCD is the ancillary spacecraft data needed to properly process the
ETM+ image data, and is provided to the ETM+ by the satellite Command and Data Handling
(C&DH) subsystem. The wideband data stream generation is shown in the block diagram in
Figure 3.2-3.

3.2.1.1.2.1 Link Description

The downlink of wideband ETM+ data is an X-band link to selected sites of the LGN or to
International Ground Stations. The X-band downlink frequencies are 8082.5 MHz, 8212.5
MHz, and 8342.5 MHz. Modulation is NRZ-L/AQPSK, providing 150 Mbps of data consisting of
two downlink data streams (or channels) of 74.914 Mbps each on a carrier.

3.2.1.1.2.2 Implementation

The ETM+ contains sensors that detect earth scene radiation in visible and near infrared (VNIR)
bands, short wavelength infrared (SWIR) bands, and a thermal long wavelength infrared

(LWIR) band. The ETM+ contains two multiplexer subsystems, each connected to a Baseband
Switching Unit (BSU), and each of which are capable of concurrently sampling and digitizing
video and analog signals from the sensors to produce eight bit words of scene data. Each
multiplexer provides a high rate, 74.914 Mbps, digital output serial data stream for each of
two possible scene data formats so that a given multiplexer subsystem provides both scene data
formats simultaneously to the BSU.

Each high rate digital output serial data stream is encoded into a CCSDS recommended framework
for space channel transmission. PCD and status data, which includes attitude and ephemeris
data, gyro data, selected ETM+ telemetry, band gains, time, and Angular Displacement Assembly
(ADA) data, is included in each CCSDS transfer frame.

The PCD is provided to the ETM+ by the Payload Data Formatter (PDF) of the C&DH subsystem.
The PDF accepts attitude, ephemeris, gyro drift rate, ETM+ telemetry, and spacecraft attitude
control mode data from the CIU, angular displacement sensor and temperature transducer data
from the Angular Displacement Assembly (ADA), and gyro pulses from the Inertial
Measurement Unit (IMU) of the Attitude Control System (ACS). The PDF also contains a
presettable time code generator from which time code information is made available to the
ETM+, TDF, and CIU.

The pair of CCSDS encoded, serial data streams from each ETM+ multiplexer is received by a
BSU. There are two BSUs, one for each pair of outputs from the ETM+. The BSUs also provide
the 74.914 MHz timing signals to each ETM+ multiplexer. The BSU forwards the data streams
either to the COMM system for real-time downlink or to the SSR to be recorded. The two data
streams from each ETM+ multiplexer remain a matched pair throughout record, playback, and
transmission operations. The SSR playback is read out of memory and mapped into one or two
groups of two 74.914 Mbps bit streams with a total aggregate rate of approximately 150 or
300 Mbps. The playback data is transmitted to the COMM subsystem via the BSU.

The COMM subsystem provides three steerable antennas and four transmitters, operating at one
of three different frequencies, for X-band downlink. The COMM provides for the transmission
of a 150 Mbps data stream to two unique ground sites simultaneously or two unique 150 data
streams to the same ground site., simultaneously. The COMM does not preclude the capability
for up to three 150 Mbps data streams to the ground simultaneously.
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3.2.1.2 Uplink Data Processing

The uplink is used for commanding operations. All of the commands required to configure and
operate the satellite for the duration of the Landsat-7 mission are transmitted through the
uplink. The processing of commands is shown in the block diagram in Figure 3.2-4.
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32121 Link Description

The uplink to the Landsat 7 satellite is an S-band link through the Landsat Ground Network
(LGN) or the SN. The S-band frequency is 2106.4 MHz when using the uplink/forward link
services. When using the LGN ground stations, the command data is transmitted at 2.0 kbps.
When using the TDRSS S-Band Single Access (SSA) service, the command data is transmitted at
125 bps or 1.0 kbps; when using the S Band Multiple Access (SMA) service the command data is
transmitted at 125 bps.

3.21.22 Implementation

All ground generated commands are received on the satellite by the Communication (COMM)
subsystem, where the command signal is demodulated from the uplink carrier, and then sent to
the Command and Data Handling (C&DH) subsystem for processing. The C&DH and the COMM are
compatible with any of the command sources.

The COMM receivers will process a command source once sufficient carrier strength from a
TDRS or a ground station is received. There are two S-band antennas, located on opposite sides
of the satellite (nadir and zenith pointing). Each antenna provides essentially hemispherical
coverage.

Also included in the COMM are two S-band transponders. Each transponder simultaneously
looks for TDRSS suppressed carrier signals, and LGN residual carrier signals, and
automatically reconfigures its circuits to process whichever signal is detected. The detected
signal is demodulated from the uplink carrier and bit synchronized. The resulting digital
command signals are delivered to the C&DH for further processing.

The C&DH includes the Controls Interface Unit (CIU) which contains two Uplink Processors
(U/Ps), each being dedicated to one of the two Standard Controls Processors (SCP). The SCP is
the platform for Flight Software (FSW) storage and execution. It contains the elements
necessary to execute the mandatory instruction set specified by MIL-STD-1750A (Notice 1).

The U/Ps perform the CCSDS decode function. The U/P converts the data stream from NRZ-M to
NRZ-L, synchronizes to the CCSDS command link transfer unit (CLTU), performs error
detection using the BCH code, and unpacks the 32-bit spacecraft commands from the CCSDS
telecommand structure.

Each 32-bit spacecraft command is composed of a 14-bit Spacecraft Command Counter (SCC), a
2-bit CPU Interrupt Code (CIC), and a 16-bit command. The U/P validates the command by
verifying the SCC. A majority of all commands are processed and executed by one of the two
SCPs. The exception is commands decoded by the CIU hardware. The U/Ps use the CIC to
discriminate between SCP commands, SCP data words, and CIU hardware decoded commands. The
CIU can executes the CIU hardware decoded commands internally, without help from the SCP.
After execution, the hardware decoded command is passed to the SCP for inclusion in the
command verification word in telemetry.

For SCP commands and SCP data words, the U/P interrupts the target SCP and provides the 16-
bit command, or data word, along with a 16-bit uplink status word. The uplink status word
contains associated modifiers, such as whether it is a command or data word, and status, such as
an error flag. Commands are categorized based on when the commands are intended for
execution. The three categories of software commands are real time commands, stored
commands, and relative time command sequences (RTCSs).
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In response to SCP commands, the FSW may send commands to satellite subsystems or perform a
flight software operation. SCP commands that are destined for satellite subsystems are sent to
the CIU for distribution to the targeted subsystems.

Command receipt verification is performed at two levels. For Landsat 7, a CLTU consists of a
synchronization pattern, 2 to 36 telecommand code block, and a tail sequence. A telecommand
code block is composed of seven-byte code blocks with a one-byte BCH error code. If an error is
detected in any telecommand code block, the entire CLTU is rejected and the SCC is not
incremented. Commands embedded inside subsequent CLTUs may pass the error detection,
however, they will fail verification because their SCC will contain an incorrect value.

In addition, the FSW checks the syntax of SCP commands and rejects invalid commands. The
FSW generates Command Verification (CV) words that provide a record of SCP command
processing activities. The CV words are passed to the Telemetry Data Formatter (TDF) for
inclusion in telemetry.

3.2.2 Communications Links

The Landsat 7 S/C communicates with the ground elements via a combination of RF and ground
communication link networks. The function of the communication links is to convey commands
from the MOC to the S/C, to convey Telemetry data from the S/C to the MOC, to convey Wideband
Data from the S/C to the LGN and IGS respectively, and to provide communication among the
ground elements. On the ground the data is routed to and from the various ground elements via
Nascom, Local Area Networks, Ethernets, or Common Carrier.

3.22.1 NASA Space Network

The NASA Space Network consists of the TDRSS satellites and the White Sands Ground Terminal
(WSGT). The function of the TDRSS is to acquire tracking data for the Landsat 7 Satellite, and to
provide a backup link for commands and telemetry data. The S/C interfaces with the TDRSS at
S-Band as defined in the RF ICD Between Landsat 7 and Space Network, Ground Network, and
Landsat 7 Ground Station, 23007638. The SN interfaces and data flows are shown in Figure
3.2-5.

TDRSS will transmit the range channel PN code to the S/C. If it has been commanded into the
proper configuration, the S-Band transponder on the S/C will perform a coherent regeneration
of the PN code on a carrier with a frequency of 240/221 of the received carrier, and transmit
it back to the TDRSS. The range data will be extracted at the WSGT and sent to the FDF via the
MOC. The TDRSS will also use the Doppler shift information to generate range rate data and,
during non-coherent transponder operations, to calibrate the S/C transmitter oscillator’s
frequency. This data will also be sent to the FDF. The TDRSS to MOC interface is defined in the
Data Format Control Document Between the Network Control Center Data System and Payload
Operation Control Centers, 530-ICD-NCCDS/MOC, and the Landsat 7 Detailed Mission
Requirements Document.

TDRSS will also be used as an alternate station to send commands to the S/C and send telemetry
from the S/C to the MOC. TDRSS can support command rates of 125 bps via the S-band Multiple
Access Forward service, and 125 bps or 1.0 Kbps via the S-band Single Access Forward

service. TDRSS can support telemetry data rates of 1.216 Kbps via the S-band Multiple Access
Return service, and 1.216 Kbps or 4.864 Kbps via the S-band Single Access Return service.

The Network Control Center (NCC) will coordinate TDRSS operations and interface with the MOC
for scheduling, real-time coordination, and problem investigation. The Interface between the
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NCC and the MOC is defined in Data Format Control Document Between the Network Control
Center Data System and Payload Operation Control Centers, 530-ICD-NCCDS/MOC.
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3.2.2.2 Spitzbergen Ground Station

The Spitzbergen Ground Station (SGS) will provide S-band and/or X-band communications
support to the Landsat 7 mission. The SGS shall be capable of communicating with the S/C as
defined in RF ICD Between Landsat 7 and Space Network, Ground Network, and Landsat 7 Ground
Station, 23007638C (TBR). The SGS interfaces and data flows are shown in Figure 3.2-6.

The WOTIS will be the point of contact for the MOC in scheduling SGS resources. The interface
between the WOTIS and the MOC is defined in TBD ICD.

3.2.2.3 Alaska Ground Station

The Alaska Ground Station (AGS) will provide S-band and/or X-band communications support to
the Landsat 7 mission. The AGS shall be capable of communicating with the S/C as defined in RF
ICD Between Landsat 7 and Space Network, Ground Network, and Landsat 7 Ground Station,
23007638 (TBR). The AGS interfaces and data flows are shown in Figure 3.2-7.

The WOTIS will be the point of contact for the MOC in scheduling AGS resources. The interface
between the WOTIS and the MOC is defined in TBD ICD.

3.2.2.4 Wallops Orbital Tracking Station

The Wallops Orbital Tracking Station will provide S-band communications support to the
Landsat 7 mission. The WOTS shall be capable of communicating with the S/C as defined in RF
ICD Between Landsat 7 and Space Network, Ground Network, and Landsat 7 Ground Station,
23007638 (TBR). The WOTS interfaces and data flows are shown in Figure 3.2-8.

The WOTIS will be the point of contact for the MOC in scheduling WOTS resources. The interface
between the WOTIS and the MOC is defined in TBD ICD.

3.2.2.5 Landsat 7 Ground Station

The Landsat 7 Ground Station (LGS) will provide S-band and X-band communication support and
be located at the EDC in Sioux Falls, SD. It will receive wideband and narrowband data
downlinked from the Landsat satellite. It will forward ETM+ data to the LPS which also will be
located at the EDC, and narrowband data to the MOC at GS